Background/Aims: Indoleamine 2,3-dioxygenase 1 (IDO1) is a heme-containing enzyme catalyzing the initial and rate-limiting steps in the kynurenine pathway, which converts tryptophan into kynurenine. Upregulation of IDO1 decreases tryptophan levels and increases the accumulation of kynurenine and its metabolites. These metabolites can affect the proliferation of T cells. Increasing evidence has shown that IDO1 is highly expressed in various cancer types and associated with poor prognosis of cancer patients. However, the results were inconsistent. Methods: We searched the Web of Science, PubMed, Embase and Cochrane library databases to identify studies evaluating the prognostic value of IDO1 in cancer patients. Pooled hazard ratios (HRs) or odds ratios (ORs) with 95% confidence intervals (CIs) were calculated by using fixed-effects/random-effects models. Results: This systematic review and meta-analysis included 2706 patients from 24 articles. The results indicated a shorter overall survival in patients with high expression of IDO1 (hazard ratio [HR] = 2.03, 95% confidence interval [CI]: 1.56-2.63). Furthermore, disease-free survival was worse in patients with high expression of IDO1 (HR = 2.47, 95% CI: 1.46-4.20). Additionally, the pooled odds ratios (ORs) showed that increased IDO1 was significantly associated with tumor differentiation (OR = 1.81, 95% CI: 1.05-3.12), distant metastasis (OR = 1.45, 95% CI: 1.02-2.06), and poor clinical stage (OR = 1.89, 95% CI: 1.13-3.17). However, no significant correlation was observed of increased IDO1 expression with age, sex, lymph node metastasis, and tumor size. Conclusion: High expression of IDO1 is associated with poor clinical outcomes. IDO1 could serve as a biomarker
Introduction
Indoleamine 2, 3-dioxygenase 1 (IDO1) is a heme-containing enzyme catalyzing the initial and rate-limiting steps in the kynurenine pathway, which catalyzes tryptophan into kynurenine. Overactivation of the kynurenine pathway results in a tryptophan decrease and kynurenine accumulation [1] [2] [3] . The former can result in the cell cycle arrest of immune cells, such as CD8+ T lymphocytes, natural killer (NK) cells, and invariant NK-T cells, via the general control non-depressible 2 stress kinase pathway and the mammalian target of rapamycin pathway [4] [5] [6] . The latter can cause the death of effector T cells due to the toxicity of its downstream product. Moreover, kynurenine can bind to aryl hydrocarbon receptor, which is involved in the regulation of Treg and inhibits TH17 cell differentiation, suppressing the immune system [7] [8] [9] [10] .
In 2003, Uyttenhove et al. found that IDO1 was expressed in various human cancer tissues and that tumors expressing IDO1 could resist immune rejection [2] . The following year, it was reported that IDO1 was also expressed by dendritic cells in tumor-draining lymph nodes and that melanoma patients with IDO-positive cells in lymph nodes had a poor clinical outcome [11] . A relationship has been found between clinical outcome and the expression of IDO1 in many human solid tumors, such as breast cancer, cervical cancer, colorectal cancer, endometrial cancer, and adrenal cell carcinoma [12] [13] [14] [15] [16] . However, the role of IDO1 in malignant tumors is controversial. Patients with multiple tumor types, such as nasopharyngeal carcinoma, colorectal cancer, endometrial cancer, and ovarian carcinoma, have poorer prognosis if they have high IDO1 levels [17] [18] [19] [20] . In contrast, patients with high IDO1 expression in some tumors, such as renal cell carcinoma (RCC), have a longer survival [12] . This systematic review and meta-analysis investigated the role of IDO1 in human solid tumors.
Materials and Methods

Literature search
To identify potentially eligible studies, a comprehensive literature retrieval was conducted in PubMed, Web of Science, Embase, and Cochrane library databases with a cutoff date of December 15th, 2017. The keywords for the search were "indoleamine 2, 3-dioxygenase 1", "IDO1", "cancer", "carcinoma", "neoplasm", and "tumor". In addition, other relevant articles were also manually reviewed from the reference lists.
Inclusion and exclusion criteria
Inclusion criteria for the articles were as follows: (1) investigation of the role of IDO1 in the development of human cancer; (2) description of the associations of IDO1 expression with prognosis or clinicopathological features; (3) determination of the expression level of IDO1 in primary cancerous tissue by immunohistochemistry, immunofluorescence, or quantitative real-time polymerase chain reaction (qPCR); (4) division of patients into high and low expression groups according to the expression level of IDO1; and (5) no patients with HIV or active Epstein-Barr virus infection. Exclusion criteria were as follows: (1) duplicate publications; (2) studies without valuable data; and (3) reviews, letters, case reports, and expert opinions.
Date extraction and quality assessment
The data and information from all included studies were independently extracted by two investigators (FSF and CX). The following information was collected from each study: first author's name, publication year, study country, cancer type, total number of patients, tumor stage, follow-up period, outcome measures, criteria for high IDO1 expression, determination method, hazard ratios (HRs), and corresponding 95% Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry confidence intervals (CIs). In addition, data on clinicopathological parameters were also extracted from the eligible studies. For all included studies, only multivariate analysis was selected because of its increased precision in interpreting confounding factors. Any studies reporting only Kaplan-Meier curves and not providing multivariate data were excluded. In the event of a disagreement, a consensus was reached by a third investigator (YJ). The Newcastle-Ottawa Scale (NOS) was applied to assess the quality of all included studies. The NOS scores ranged from 0 to 9, with an NOS score ≥ 6 considered to indicate high quality. The quality of all studies included in this meta-analysis varied from 4 to 9, with a mean value of 6.5.
Statistical methods
The current meta-analysis was performed with RevMan5.3 software and Stata SE12.0. Heterogeneity between studies was determined with the chi-square-based Q test and I 2 statistic. A P value less than 0.05 for the Q test and an I 2 value greater than 50% were considered to indicate significant heterogeneity. The fixed-effects model was applied for studies with no obvious heterogeneity (Ph > 0.05, I
2 < 50%); otherwise, the random-effects model was adopted (Ph ≤ 0.05, I
2 ≥ 50%). Potential publication bias was assessed with Begg's Test and Egger's test. Sensitivity analysis was also performed to assess the stability of the results. A P value less than 0.05 was considered statistically significant.
Results
Study characteristics
The literature retrieval process is detailed in Fig. 1 . A total of 24 eligible articles were ultimately identified and 2, 706 cancer patients were included in the present metaanalysis; the mean patient sample size was 113 (range, 28-362). The 24 included studies were from the United States, Africa, Asia, and Europe. Eighteen different solid tumor types were evaluated in our study: 2 Hodgkin's lymphomas, 2 breast cancers, 2 cervical cancers, 2 endometrial carcinomas, 2 esophageal squamous cell carcinomas, 2 gastric cancers, and 1 each of colorectal cancer, glioma, hepatocarcinoma, lung cancer, laryngeal squamous cell carcinoma, non-Hodgkin's lymphoma, nasopharyngeal carcinoma, ovarian cancer, osteosarcoma, oral squamous cell carcinoma, RCC, and vulvar squamous cell carcinoma. All cancerous specimens were well preserved before experiments were performed. Diagnoses were all made based on pathology. The main characteristics are summarized in Table 1 .
Increased IDO1 expression and overall survival
Among the 24 eligible articles, the overall survival (OS) according to IDO1 expression was reported in 18 articles. The random-effects model was adopted to estimate the pooled HRs and corresponding 95% CIs. The results showed a small heterogeneity across studies (I 2 = 46.0%, Ph = 0.020). The HR for the high IDO1 expression group versus the low IDO1 expression group was 2.03 (95% CI: 1.56-2.63) ( Fig. 2A) . After stratification by study type, the HRs for the high IDO1 expression group versus the low IDO1 expression group were 3.62 (95% CI: 2.19-5.97) in prospective studies and 1.74 (95% CI: 1.33-2.29) in retrospective studies (Fig. 2B ). After 
Cellular Physiology and Biochemistry
Cellular Physiology and Biochemistry stratification by detection method, the HR for the high IDO1 expression group versus the low IDO1 expression group was 2.14 (95% CI: 1.58-2.90) in the immunohistochemistry subgroup (Fig. 2C) . The results indicated that there was a significant difference in OS between the two groups. A significantly shorter OS was observed in patients with high IDO1 expression versus those with low IDO1 expression. Thus, we concluded that high expression of IDO1 was associated with poor OS.
Increased IDO1 expression and disease-free survival
Only 3 studies, comprising a total of 338 patients, provided appropriate data for analysis of disease-free survival (DFS). No severe statistical heterogeneity was observed across studies (I 2 = 0%; Ph = 0.784). The fixed-effects model was applied to analyze the pooled HRs with their corresponding 95% CIs. The overall result indicated a significantly positive association between high expression of IDO1 and poor DFS (HR = 2.47, 95% CI: 1.46-4.20) (Fig. 3) .
Associations between IDO1 expression and clinicopathological parameters
From the pooled results (Table 2) , it was found that increased IDO1 was significantly associated with tumor differentiation (OR = 1.81, 95% CI: 1.05-3.12) (Fig. 4) , distant metastasis (OR = 1.45, 95% CI: 1.02-2.06) (Fig. 5) , and poor clinical stage (OR = 1.89, 95% CI: 1.13-3.17) (Fig. 6) . However, no significant correlation was observed between increased IDO1 expression and age, sex, lymph node metastasis, and tumor size (data not shown). Because of the insufficient data, we failed to detect a relationship between overexpression of IDO1 and some other clinicopathological parameters. 
Sensitivity analysis
For meta-analysis of the association between the IDO1 expression level and OS, sensitivity analysis was performed by removing each study in turn from the pooled analysis. This process aimed to assess the influence of the removed data set on the overall HRs. The result was not significantly influenced by the exclusion of any study, indicating the robustness of the results. 
Publication bias
For meta-analysis of the association between IDO1 expression levels and OS, Begg's Test and Egger's test were adopted to test for publication bias. The results showed no publication bias among the included studies (Fig. 7) .
Discussion
Tumor immune escape plays an important role in the development and metastasis of tumors [35] . Multiple immunosuppressive mechanisms in the tumor microenvironment can impair the functions of tumor-infiltrating lymphocytes. One of these immunosuppressive mechanisms is mediated by the IDO enzyme [27] . In 1998, Munn et al. found that IDO1 could prevent fetus rejection by allowing maternal-fetal immune tolerance in the mouse placenta [36] . Subsequent studies showed that a local depletion of tryptophan and the accumulation of toxic downstream products mediated by IDO1 could affect T-cell proliferation, metabolism, and functions [6, 37] . Moreover, IDO1 was also expressed in tumor cells as well as in various non-tumor cells in the tumor microenvironment, such as fibroblasts, endothelial cells, eosinophils, dendritic cells, and macrophages [2, 38, 39] . In addition, the expression of IDO by tumor cells can result in a decrease in the number of tumor-infiltrating lymphocytes in various tumors [40] . Many studies subsequently demonstrated that the expression of IDO1 in tumors was associated with patients' clinical outcome . However, the results were inconsistent. The expression of IDO1 predicted a poor clinical outcome in many tumors, such as ovarian adenocarcinomas, colorectal adenocarcinomas, and endometrial and esophageal cancer [12] [13] [14] [15] [16] . In contrast, patients with high IDO1 expression in some tumors, such as RCC and hepatocellular carcinoma, have a longer survival [37] . The results of this meta-analysis showed a shorter OS in patients with high expression of IDO1 (HR = 2.03, 95% CI: 1.56-2.63). Furthermore, poorer DFS was observed in patients with high expression of IDO1 (HR = 2.47, 95% CI: 1.46-4.20), implying that the expression of IDO was a hazardous factor for the clinical outcome of cancer patients. Moreover, increased IDO1 was significantly associated with tumor differentiation (OR = 1.81, 95% CI: 1.05-3.12), distant metastasis (OR = 1.45, 95% CI: 1.02-2.06), and poor clinical stage (OR = 1.89, 95% CI: 1. 13-3.17) . This showed that more malignant tumor cells could express more IDO1, which promotes tumor development and metastasis.
However, there are some limitations to our meta-analysis. First, the total sample size was relatively small and we failed to detect a relationship between overexpression of IDO1 and some clinicopathological parameters. Second, there was some minor heterogeneity in our meta-analysis result. Subsequent regression analysis found that publication year and publication country were not associated with the heterogeneity (data not shown). Although the sensitivity analysis showing that the result was not significantly influenced by the exclusion of any study, we excluded a study by Riesenberg et al. [12] and found that the I 2 value fell from 46% to 11.9% (Fig. 2D) , demonstrating that the heterogeneity is mainly due to this single study. This study was the only one of the included studies to show that the expression of IDO1 was associated with better OS in RCC patients, which may be why this study caused the heterogeneity. In Riesenberg et al. [12] , the explanation for the association between IDO1 expression and improved survival in RCC is that IDO is nearly exclusively expressed in the endothelial cells of predominantly newly formed blood vessels, which limit the influx of tryptophan from the blood to the tumor or generate tumor-toxic metabolites, thus restricting tumor growth and contributing to survival. Thus, the location of IDO1 expression in different solid tumors may also result in the observed effects on patient survival. Third, many studies did not meet the inclusion criterion and were thus excluded, including some contradictory results, which may have caused a deviation of the result of this 
